Abstract. This paper presents an interesting application of the riverbed model shape and 9 deformations monitoring using laser scanning technology and accurate local micro-network.
Introduction

27
Engineering geodesy deals with measuring of all possible subjects for needs of construction, 
Creation of local micro-network
27
The first part of the project was to design, create and determine a very accurate local area 28 network (standard deviation in each coordinate is lower than 0.4 mm), which will include 29 three pairs of spherical targets (at the beginning, middle and end model) as a ground control 30 points for the 3D scanning measurement.
31
As a method of the geodetic measurement was selected a trigonometric micro-network with 32 measured slope distances, horizontal directions and zenith angles between standpoints, and as a ground control points for the 3D scanner, and reference point is always a center of the 2 sphere, calculated from the scanned points by fitting of the sphere with known diameter.
3
The spherical targets cannot be targeted to the center, and hence the horizontal direction 4 and zenith angle to the center of the sphere was always calculated from the values measured 5 to the upper, lower, left and right visible edge.
6
The best total station at the disposal of the department of the Special geodesy of the Faculty 7 of Civil engineering of the Czech Technical University in Prague, the Trimble S8 (Fig. 3) , with The network was designed according to a local survey. To achieve the required precision, it was 2 necessary to model the measurements and its precisions and prove that the required precision 3 output will be met. Software PrecisPlanner 3D ([20] ) was used for this purpose, with use 4 of the approximate configuration of the determined points and standpoints. The procedure 5 of the precision planning is described in detail in [9] . The configuration was designed at a 6 guess and the optimization was made manually only by adding the measurement repetitions.
7
The chosen points and planned measurements, generating a standard "braced quadrilateral" of the measurement performed (sd -slope distance, ze -zenith angle, di -direction).
10
Distance between points was approx. 3 m in the transversal direction, 15 m in the longitudinal 11 direction. The expected precision of the aiming was lower than nominal and therefore 1.0 12 mgon was used (due to the short distances) as a standard deviation of the horizontal direction 13 and zenith angle measurement. Standard deviation of the distance measurement 0.5 mm was 14 used. This value was calculated from differences in oppositely measured distances and from 15 a posteriori analysis of similar micro-networks. The result of the modelling showed that in order to achieve the required precision it is nec- The Surphaser 25HSX scanning system in the second most accurate configuration IR_X was The measurement was carried out from twelve standpoints placed on both sides of riverbed 7 model and 22 control points were permanently mounted and used in total. The average 8 distance between standpoints was about 10 meters due to partially winding shape of the 9 model see Fig. 7 . Control points were stabilized by polystyrene spherical targets with a 10 diameter of 150 mm.
11
Scanning density was set 6 mm in orthogonal directions at the distance 10 m which leads to 12 approximately 6 minutes measurement time on a standpoint and about 2 hours for the whole format.
6
The third step -registration took place in the Leica Cyclone software module Register. The 7 control points were created by fitting spheres with the given diameter 150 mm. There were 8 measured up to 8 control points on each standpoint from all together 22 control points. The 9 actual registration was carried out twice. Only scanned data were registered in first step to 10 verify absence of gross error and check inner data consistency. In the second step scanned 11 data was registered together with control points determined within the local micro-network,
12
which were placed in separated leveled "ScanWorld" (Leica Cyclone name for standpoint).
13
This ScanWorld was set up as a "Home ScanWorld" (target coordinate system). Used control 14 points were 1 (K1), 2 (K2), 12 (K4), 21 (K5) a 22 (K6) see Fig. 7 and 6. Control point 11
15
(K3) was damaged and couldn't be used.
16
This second registration was necessary to level scanned data (used scanning system is not 17 equipped with inclinometer) and to check and compensate systematic influences caused by 18 line character of measured object and by use of laser scanning system with relatively (to 19 object size) low range. Systematic errors present in the measurement would sum and result 20 in significant overall length difference between the scanned data and geodetic measurement.
21
The resulting "Mean Absolute Errors" of registration (accuracy property used in Cyclone 
26
The last processing step was transformation from local coordinate system to the national co- 
30
This part was quite difficult because only few suitable common known points in both coor- 
Accuracy checks and improvements
16
The first accuracy check were the resulting "Mean Absolute Errors" of registration in Leica
17
Cyclone for laser scanning data only. On the base of scanning system specification and lots 18 of previous experience we had expected Mean Absolute Error about one millimeter, but the 19 first result was nearly 3 millimeters which point to some unexpected error.
20
The second check, mostly for systematic errors, was comparison of shape and size between the 21 laser scanning and "geodetic" outputs. The comparison was conducted using identity (rigid the highest possible quality of its outputs.
27
The high accuracy of geodetic micro-network points was made possible by using the most 28 accurate total station, high quality tools and also a priori accuracy planning. Very important 29 is choice of devices and tools with small eccentricities and also high quality tripods and or, in the case of automatic aiming, accurately turn prisms toward total station.
5
Due to the short distances in this case, automatic aiming cannot be recommended. The 6 advantage is motorized/robotized total station which greatly speeds up measurements, and 7 which is not such demanding on the stamina and the concentration of the operator.
8
In the case of laser scanning part, the required accuracy was achieved using accurate scanning 9 system (the most accurate 3D laser scanning system on the market at the time of release), 
